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Attorney Docket No.: 4452-263 
Checkbox if applicable: O DUPLICATE o 
UTILITY PATENT APPLICATION TRANSMITTAL «g 

Submit an original and a duplicate for fee processing i 
(Only for new nonprovisional applications xmder 37 C.F.R. § 1 .53(b)) 

Assistant Commissioner for Patents Dated* October 26 1 999 

BOX PATENT APPLICATION 
Washington, DC 20231 

Sir: 

Transmitted herewith for filing is the utility patent application of: 
Inventor(s): Raimund WEIFFEN, Wolfgang HERTZ 
For: Vibration Damper with Variable Damping Force 
Enclosed are: 



• Transmittal letter (2x) with Fee Computation Sheet 

• General Authorization For Payment of Fees (2x) 

• Title Page, Specification, Claims 1 to 1 0 & Abstract (1 3 pages [total number of pages of application]) 

• Unexecuted Declaration and Power of Attorney (3 pp.) 

• Three (3) sheet(s) of drawing(s) (Figs. 1 to 3b) 

• Check for $760.00 for filing fee 

• Return Receipt Postcard 



[] Please charge my Deposit Account No. 03-2412 in the amount of ^. A duplicate copy of 
this sheet is enclosed. 

[x] The Commissioner is hereby authorized to charge payment of the following fees associated 
with this application or credit any overpayment to Deposit Acct. No. 03-2412. 
[x] Any additional filing fees required under 37 CFR 1.16. 
[x] Any patent application processing fees under 37 CFR 1.17 
[x] The issue fee set in 37 CFR 1.18 at 3 months fi-om mailing of the 

Notice of Allowance, pursuant to 37 CFR 1.31 1 (b) provided the fee 

has not already been paid by check. 
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[x] Any filing fees under 37 CFR 1. 1 6 for presentation of extra claims. 

U Priority is claimed for this invention and application, corresponding applications having 
been filed in Germany on October 26, 1998, No. 198 49 221.9. 

Respectfully submitted, 

COHEN, PONTANI, LIEBERMAN & PAVANE 




Thomas C. Pontani 
Reg. No. 29,763 

551 Fifth Avenue, Suite 1210 
New York, New York 10176 
Tel: (212) 687-2770 
Fax:(212)972-5487 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a vibration damper with variable damping force including 
a cylinder filled with damping medium and a piston fastened to a piston rod arranged in an 
5 axially movable manner and dividing the working cylinder into two working spaces, the damping 
force for the directions of rebound and compression being influenced by nonreturn valves acting 
in the respective direction and a damping valve of variable damping action. 

2. Description of the Related Art 

f II A prior art hydraulic adjustable vibration dampers in which the cylinder filled 

f ljlO with a damping medium is divided by a damping piston into two working spaces are known, for 
example, from German reference DE 35 18 327 C2. The damping piston includes damping 
valves for the directions of rebound and compression which provide a basic damping of the 
jjl vibration damper. In addition, a bypass connection is arranged between the lower and upper 
~r| working spaces in which a pressure-dependent valve and an adjustable valve, actuated by an 
15 electromagnet, are provided in series. The adjustable valve provides for the opening and closing 
of the bypass, while the spring-loaded valve allows the dampmg medium to pass when the 
bypass is open and when a specific basic pressure is reached. These two series-arranged valves 
are respectively active in the rebound and compression stages and operate parallel to the 
damping valves in the actual damping piston. 
20 A further prior art vibration damper is known from German reference DE 196 24 

895 CI which comprises a cylinder filled with damping medium and in which a piston rod with a 
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piston is configured in an axially movable manner, the piston dividing the cylinder into two 
v^orking spaces and having appropriate valves for the basic damping. Additionally provided in a 
bypass at the outer circumference of the cylinder is a pressure-dependently active damping valve, 
the damping force of v^hich acts on a shut-off valve body against a spring force, by means of an 
5 actuator. This damping valve is arranged hydraulically in series v^th an inlet valve with its own 
damping action, so that the action of the variable damping valve is superposed with the inlet 
valve. 
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SUMMARY OF THE INVENTION 

The object of the invention is to develop a vibration damper with variable 
damping force in such a way that the rolling characteristics and the comfort of vehicles are 
improved. 

5 To achieve this object, it is provided according to the invention that the damping 

valve is arranged in series with the first and second non-retum valves for both compression and 

rebound directions, respectively, of the vibration damper. 

It is advantageous in the case of this design that, if suitable measures are taken, 
Jil the basic flow resistance of the damping valve is minimized, in order to involve the series- 
liO arranged nonreturn valves in a dominant way in the generation of the soft characteristic. This 
ll produces a functional unit in which the series-arranged nonretum valves take a dominant part in 

11 generating the comfort-relevant soft characteristic appropriate for vehicle requirements, with the 

result that the damping valve then acts only as a force actuator or force controller. The damping 
Jf valve has the effect of applying a force offset to the soft characteristic generated in dominant part 

S15 by the nonretum valves and consequently of generating a characteristic diagram with the desired 

requirements. 

According to a further essential feature, it is provided that the damping valve can 
be externally activated. Pneumatic, hydraulic, electromagnetic, electromotive, piezoelectric and 
further forms of activation are possible, for example. 
20 A further refinement provides that at least one of the nonretum valves is designed 

as a spring lock washer or as a spring-loaded valve disk. It is advantageous in this case that the 
damping-force generating features of these nonretum valves can be designed in the known way 
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of conventional damping valves, for example with constant passages, spring plates etc. and 
consequently a specifically selected damping force adaptation is possible. 

According to an essential design, the damping valve is precontroUable. It is 
advantageously provided in this case that the precontroUable damping valve is actuated by an 
electromagnet. Other forms of activation as described above are hkewise possible. 

A further embodiment provides that the nonretum valves are accommodated 
together with their associated valve seats in the piston. 

An embodiment which is simple in production engineering terms provides that the 
nonretum valves are preassembled with their associated valve seats as a modular unit and are 
fixed in a positively and/or non-positively and/or integrally locked manner in the piston. 

To achieve a compact modular imit, which can be correspondingly preassembled, 
if appropriate, it is provided according to a particularly favorable embodiment that the nonretum 
valves and the damping valve are arranged in the piston. 

According to an essential feature, it is provided that the nonretum valves 
communicate with one of the working spaces and the damping valve actuates at least one flow 
connection to the other working space. 

A further refinement provides that the damping valve has a valve body which is 
precontroUed at least in one direction and directly controlled via an actuator in the opposite 
direction. 

The various features of novelty which characterize the invention are pointed out 
with particularity in the claims annexed to and forming a part of the disclosure. For a better 
understanding of the invention, its operating advantages, and specific objects attained by its use. 
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reference should be had to the drawing and descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, wherein like reference characters denote similar elements 
throughout the several views: 

Fig. 1 is a longitudinal sectional diagram shoving a vibration damper according 
to the present invention; 

Fig. 2 is an enlarged, more detailed view of a damping valve together with the 
nonreturn valves arranged hydraulically in series in the vibration damper of Fig. 1; and 

Figs. 3a and 3b are graphs showing the basic way in which the characteristic 
diagram/characteristics of the vibration damper of Figs. 1 and 2 can be arranged according to the 
invention. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

A vibration damper 100 according to an enabodiment of the present invention is 
shown in Fig. 1 and comprises a working cylinder 12 with a piston 4 arranged therein. The 
piston 4 divides the working cylinder 12 into an upper working space 7 and a lower working 
space 8 and is connected to a piston rod 1 1 that passes through a sealing/guiding unit 13 at one 
end of the working cylinder 12 to the outside. The vibration damper 100 includes fastening 
elements 20 for fastening the vibration damper 100 between a vehicle body and the chassis 
suspension. An external surface of the piston 4 is sealed with respect to an internal surface of the 
working cyhnder 12 by a sealing element 17. 

A damping valve 3 is fastened to the piston rod 1 1 and/or piston 4 with first and 
second nonreturn valves 1 and 2 as represented in Fig. 2, wherein the piston 4 includes the first 
and second nonreturn valves 1 and 2. The first nonretum valve 1 is intended for the 
compression-stage function and the second nonretum valve 2 is intended for the rebound-stage 
function of the piston 4 in the vibration damper 100. The damping valve 3 may be arranged in 
either the piston 4 or the piston rod 1 1 in series v^th the first and second nonretum valves 1 and 
2 so that the damping valve 3 is active hi both the compression stage and rebound stage of the 
piston 4. A valve body 19 of the piston 4 comprises valve seats 5 and 6 corresponding to the 
first and second nonretum valves 1 and 2, which are also arranged on the valve body 19. 

In Fig. 2, the fastening of the nonretum valves 1 and 2 to the valve body 19 is 
represented, by way of non-Umiting example, as a screwed connection 16. Other fastening 
methods may also be used to fasten the fnst and second non-return 5, 6 valves and to the valve 
body 19. 
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As represented in Fig. 2, the valve body 19 with nonreturn valves 1 and 2 may be 
accommodated in a positively locked manner in the piston 4. Alternatively, the valve body 19 
may also be accommodated in a non-positively, frictionally or integrally locked manner. As 
described above and shown in more detail in Fig. 2, the sealing element 17 seals the piston 4 
5 with respect to an inner siurface of the working cylinder 12. 

The damping valve 3 includes a damping valve body 10 that is arranged to work 
with a damping valve seat 18, In the example shown in Fig. 2, the damping valve seat 18 
comprises a conical seat, but other suitable configurations are conceivable. 
J|l The damping valve 3 is externally activatable by an actuator 25, thereby allowing 

^i|0 the hydraulic force necessary on the valve body 10 for opening the valve, or the hydraulic valve 
ill resistance, to be changed. 

I ll The flow connection between the upper vwrking space 7 and the lower vrorking 

I f space 8 when the damping valve 3 is open, i.e., when the damping valve body 10 is lifted off the 

j|| valve seat 18, is obtained for the rebound stage via the through-opening 9, the through-opening 
■^^|5 14 and the nonreturn valve 2 of the valve body 19. For the compression stage, the flow 
connection between the upper working space 7 and the lower working space 8 is provided via the 
through-opening 15 and the nonreturn valve 1 as well as the through-opening 9. 

Figs. 3a and 3b show how the adjustment of the damping valve 3 affects the 
characteristics of the vibration damper 100. Fig. 3a shows the results of a damping valve that is 
20 adjustable via the actuator in steps. In this embodiment, the vibration damper characteristics 
may be set to any one of the step adjustments. Fig. 3b shows the results of a damping valve that 
is continuously adjustable via the actuator. In this embodiment, the vibration damper 
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characteristic is adjustable to any level within the continuous adjustment range. The comfort- 
relevant soft characteristic in the rebound and compression stages is generated in dominant part 
by means of the features of the first nonreturn valve 1 for the compression stage and of the 
second nonreturn valve 2 for the rebound stage. The stepped or continuous adjustment of the 
damping valve 3 may be used to apply a compression or force to offset the soft characteristic of 
the first and second nonreturn valves 1 and 2, with the result that a family of characteristics or a 
continuous characteristic diagram may be obtained for the rebound-stage and compression-stage 
functions. 

It is also possible for the characteristic of the damping valve 3 to be pre-set or pre- 
controlled in one of the rebound or the compression direction and controllable via the actuator in 
the other of tiie rebound or titie compression du-ection. 

The invention is not limited by the embodiments described above which are 
presented as examples only but can be modified in various ways within the scope of protection 
defined by the appended patent claims. 
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CLAIMS 

We claim: 

1 LA vibration damper with variable damping force, comprising: 

2 a v^orking cylinder filled With damping medium; 

3 a piston fastened to a piston rod arranged in an axially movable manner in said 

4 working cylinder and dividing the working cylinder into two working spaces; 

5 first and second non-return valves arranged in said piston for respectively 

6 providing a damping force for the rebound and compression directions of the vibration damper; 

7 and 

8 a damping valve arranged in one of said piston and said piston rod having a 

9 variable damping action and arranged in series v^th each of said first and second non-retum 
10 valves, thereby acting in both said rebound and compression directions of the vibration damper. 

1 2. The vibration damper of claim 1, wherein said damping valve comprises 

2 an externally activated actuator for adjusting said variable damping action. 

1 3. The vibration damper of claim 1, wherein at least one of said first and 

2 second non-retum valves comprises an element fi-om the group consisting of a spring lock and a 

3 spring-loaded valve disk. 

1 4. The vibration damper of claim 1, wherein a characteristic of said damping 

2 valve is precontroUable to a precontroUed setting in at least one of the rebound direction and the 

3 compression direction. 

( 
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1 5. The vibration damper of claim 4, wherein said actuator for said damping 

2 valve comprises an electromagnet. 

1 6. The vibration damper of claim 1, v^herein said first and second non-return 

2 valves are accommodated together with their associated valve seats in said piston. 

1 7. The vibration damper of claim 1, wherein said first and second non-retum 

2 valves are preassembled with their associated valve seats as a modular imit and are fixedly 

3 coimected in said piston. 

1 8. The vibration damper of claim 1, wherein said first and second non-retum 

2 valves and said damping valve are arranged in said piston. 

1 9. The vibration damper of claim 1, wherein said first and second non-retum 

2 valves communicate with one of said upper and lower working spaces and said damping valve 

3 actuates via at least one flow connection to the other of said upper and lower working spaces. 

1 10. The vibration damper of claim 9, wherein said damping valve comprises a 

2 valve body that is precontroUable to a precontrolled setting in one of said rebound and 

3 compression directions and directly controllable via an actuator in the other of said rebound and 

4 compression directions. 
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ABSTRACT OF THE DISCLOSURE 

A vibration damper with variable damping force, includes a cylinder filled with 
damping medium and in which a piston fastened to a piston rod axially moveably therein. The 
piston divides the working cylinder into two working spaces. The damping force for the 
directions of rebound and compression are influenced by nonreturn valves acting in the 
respective directions. A damping valve of variable damping action is additionally provided in 
series with each of the nonreturn valves so that the damping valve is active in both the rebound 
and compression directions. 
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DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which is 
clamied and for which a patent is sought on the mvention entitled 

Vibration Damper with Variable Damping Force 

the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, mcluding the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this 
appUcation in accordance with Title 37, Code of Federal Regulations, Section L56(a). 

I also acknowledge the duty to disclose information which is material to the patentability 
of this application in accordance with Title 37 CFR 1.63(d), which occurred between the filing 
date of the prior application and ttie filing date of the continuation-in-part application, if this is a 
continuation-in-part application. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119 of 
any foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before that of 
the application on which priority is claimed: 

Prior Foreign Application: Country: Germany 

Appln.No.: 198 49 221.9 
FUed: October 26, 1998 



I hereby appoint the following attorneys and/or agents to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith: 
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MYRON COHEN, Reg. No. 17,358; THOMAS C. PONTANI, Reg. No. 29,763; LANCE 
J. LIEBERMAN, Reg. No. 28,437; MARTIN B. PAVANE, Reg. No. 28,337; MICHAEL 
C, STUART, Reg. No. 35,698; KLAUS P. STOFFEL, Reg. No. 31,668; EDWARD M. 
WEISZ, Reg. No. 37,257; CHI K. ENG, Reg. No. 38,870; JULIA S. KIM, Reg. No. 
36,567; VINCENT M. FAZZARI, Reg. No. 26,879; ALFRED W. FROEBRICH, Reg. No. 
38,887; ANDRES N. MADRID, Reg. No. 40,710; KENT H. CHENG, Reg, No. 33,849; 
GEORGE WANG, Reg. No. 41,419; JEFFREY M. NAVON, Reg. No. 32,711 and JOHN 
G. TUTUNJIAN, Reg, No. 39,405. 

Address all telephone calls to Thomas C. Pontani, Esq. at telephone No. (212) 687-2770. 

Address all correspondence to: 

Thomas C. Pontani, Esq. 
Cohen, Pontani, Lieberman & Pavane 
551 Fifth Avenue, Suite 1210 
New York, New York 10176 

I hereby declare that aU statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge tiiat willful false statements and the like so made are 
punishable by fme or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willfiil false statements may jeopardize the validity of the application or any 
patent issued thereon. 

Full Name of Sole or First Inventor: Raimund WEIFFEN 

Inventor's signature: 

Dated: 

Month/Day/Year 

Residence: Windeck, Germany 

Citizenship : Germany 

Post Office Address: Auf der Hecke 13 

D-51570 Windeck, Germany 
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FuU Name of Second Joint Inventor: Wolfgang HERTZ 

Inventor's signature: 

Dated: 

Month/Day/Year 

Residence: St. Augustin, Germany 

Citizenship: Germany 

Post Office Address: Ringstrafie 107 

D-53757 St. Augustin, Germany 
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